Background
Lacunar syndromes are usually caused by lacunar infarctions [1, 2] . However, other stroke subtypes, including small intracerebral haemorrhages, spontaneous subdural haematomas or non-lacunar cerebral infarctions may occasionally be the aetiology of lacunar syndromes. Lacunar syndromes not due to lacunar infarcts are poorly defined [3] [4] [5] . Therefore, the aim of this study was to describe the clinical characteristics of patients with lacunar syndrome not due to lacunar infarct and to identify clinical predictors of this variant of lacunar stroke. As far as we are aware, the present series of patients with lacunar syndrome not due to lacunar infarct collected from a prospective stroke registry represents the largest experience of this infrequent stroke subtype reported in the literature.
Methods
The database of the "Sagrat Cor Hospital of Barcelona Stroke Registry" with data of 3808 acute stroke patients was searched for those with a diagnosis of first-ever lacunar stroke who were admitted consecutively to the Department of Neurology of the Sagrat Cor Hospital (an acute-care 350-bed teaching hospital in the city of Barcelona) between January 1986 and December 2004. Details of this on-going hospital-based stroke registry have been previously reported [6] . Data from stroke patients are entered following a standardised protocol with 161 items regarding demographics, risk factors, clinical features, laboratory and neuroimaging data, complications and outcome. Subtypes of stroke were classified according to the Cerebrovascular Study Group of the Spanish Society of Neurology, which is similar to the National Institute of Neurological Disorders and Stroke classification [7] .
For the purpose of this study, all cases of first-ever lacunar stroke diagnosed in 879 patients were collected. Lacunar infarcts were defined [6, 8] as (a) sudden or gradual onset of a focal neurological deficit lasting > 24 hours of the type described in the common lacunar syndromes (pure motor hemiparesis, pure sensory stroke, sensorimotor stroke, ataxic hemiparesis, dysarthria-clumsy hand and atypical lacunar syndromes); (b) brain CT scans or MRI were either normal or demonstrated only small, localised brain lesions with diameter smaller than 20 mm that seemed appropriate for the neurological deficits, and (c) absence of cortical ischaemia, cervical carotid stenosis (> 50% diameter) or major source for cardioembolic stroke. Lacunar syndromes not due to lacunar infarcts were defined as sudden or gradual onset of a focal neurological deficit lasting > 24 hours of the type described in the common lacunar syndrome (pure motor hemiparesis, pure sensory stroke, sensorimotor stroke, ataxic hemiparesis, dysarthria-clumsy hand and atypical lacunar syndrome [8] ) secondary to non-lacunar ischaemic stroke (cortical or subcortical lesions > 20 mm with atherothrombotic, cardioembolic, unusual etiology or unknown etiology) or haemorrhagic stroke (intracerebral haemorrhage or spontaneous subdural haematoma).
All patients were admitted to the hospital within 48 hours of the onset of symptoms. Systematic investigations included clinical examination, 12-lead electrocardiogram, chest radiology, and standard blood tests including serum cholesterol concentration and lipid profile. A brain CT scan and/or MRI (41%) was performed within this first week of hospital admission. Angio-MRI was performed in 38% of the patients. Other investigations included Doppler ultrasonography of the suparaaortic trunks in 65.5% of the cases, arterial digital subtraction angiography in 8%, 2-dimensional echocardiography in 41.2%, and lumbar puncture in 2.8%. Demographic data, vascular risk factors, clinical features, neuroimaging findings, and outcome were recorded. Details of variables prospectively registered in the database have been previously reported [6] . Medical complications (respiratory, urinary, cardiac, vascular and infectious) and mortality during the acute phase of the disease was assessed. Causes of death were analyzed according to criteria of Silver et al. [9] .
Statistical analysis
Demographic characteristics, risk factors, aetiology of stroke, subtypes of stroke and of lacunar syndromes, clinical events and outcome of patients with lacunar syndrome not due to lacunar infarct and those with lacunar infarction were compared with the analysis of variance (ANOVA) (with Bonferroni's correction when necessary) and the chi-square (χ 2 ) test (with Yate's correction when necessary). Variables were subjected to multivariate analysis with a logistic regression procedure and forward stepwise selection if P < 0.10 after univariate testing. The effect of variables on the presence of a lacunar syndrome not due to lacunar infarct was analysed in a predictive model based on demographic, vascular risk factors and clinical, variables, in which lacunar syndrome not due to lacunar infarct was the dependent variable. Age was used as a continuous variable with a constant odds ratio for each year. The odds ratio (OR) and 95% confidence intervals (CI) were calculated from the beta coefficients and standard errors. Statistical significance was set at P < 0.05.
Results
The diagnosis of lacunar syndrome not due to lacunar infarct was established in 146 (16.6%) of all 879 consecutive patients with first-ever lacunar stroke. There were 82 men and 64 women with a mean (SD) age of 71.6 (12.6) years. Twenty-six patients aged 85 years or older. The following vascular risk factors in a decreasing order of frequency were observed: hypertension (73.3%), atrial fibrillation (30.1%), diabetes mellitus (21.2%), hyperlipidemia (19.9%), ischaemic heart disease (15.8%) and heavy smoking (> 20 cigarettes/day) (13%). As shown in Table 1 , subtypes of lacunar syndromes not due to lacunar stroke included pure motor stroke in 43% (63/146) of patients, sensorimotor stroke in 35% (52/146), pure sensory stroke in 9.5% (14/146), atypical lacunar syndrome in 6.2% (9/ 146), ataxic hemiparesis in 3.5% (5/146) and dysarthriaclumsy hand in 2.7% (4/146). In relation to the total number of patients with the different subtypes of lacunar syndromes, those not due to lacunar stroke accounted for 15.2% (63/415) of pure motor strokes, 38.8% (52/143) of sensorimotor strokes, 9.9% (14/141) of pure sensory strokes, 9.3% (9/27) of atypical lacunar syndromes, 17.2% (5/29) of ataxic hemiparesis and 6.3% (4/63) of dysarthria-clumsy hand.
In relation to the aetiology of the different stroke subtypes included in the database, lacunar syndrome not due to lacunar infarct occurred in 10.5% (4/38) of cases of spontaneous subdural haematoma, 9.1% (37/408) of primary intracerebral haemorrhage, 7% (54/770) of atherothrombotic infarction, 5% (38/763) of cardioembolic infarction, 3.4% (11/324) of infarcts of unknown cause and 1.8% (2/114) of infarcts of unusual aetiology.
One patient died (in-hospital mortality rate 0.7%). This patient died suddenly of an unknown cause. The median length of hospitalization was 12 days (interquartile range 
8.5-20 days)
. Only 27 (18.5%) patients were symptom-free at the time of hospital discharge.
As shown in Table 1 , valvular heart disease, atrial fibrillation, sudden onset, limb weakness and sensory symptoms were significantly more frequent among patients with lacunar syndrome not due to lacunar infarct than in those with lacunar infarction, whereas diabetes was less frequent. In the multivariate analysis, atrial fibrillation (OR = 4.62), sensorimotor stroke (OR = 4.05), limb weakness (OR = 2.09), sudden onset (OR = 2.06) and age (OR = 0.96) were independent predictors of lacunar syndrome not due to lacunar infarct ( Table 2) .
Discussion
In the present series, the incidence of lacunar syndrome not due to lacunar infarct was 16.6%. In earlier studies, the frequency of acute lacunar syndromes varied between 6% and 42% [3, 14, 15] but these series studied patients with pure motor stroke only [10] or included patients with non-vascular aetiologies (multiple sclerosis, cerebral abscess, glioblastoma) [3, 10] . In small series of patients, studies in which MRI examination was performed during the acute phase of stroke, it was observed that lacunar syndromes were predictors of lacunar infarcts [11] [12] [13] . In one of these studies [12] , cortical involvement was found in only 2 out of 23 patients. In another study [13] , acute diffusion-weighted MRI altered the final diagnosis of small vessel occlusion in 40% of 73 patients with a lacunar syndrome [13] . Most of these 'false positive' cases are attributable to large artery or cardiogenic embolic stroke. Therefore, the present results based on a clinical series of 146 consecutive patients diagnosed of lacunar syndrome not due to lacunar infarct, --the largest reported in the literature up to the present time--, reinforce the lacunar hypothesis, which states that in the presence of a lacunar * β = -0.521; SE (β) = 0.825; goodness-of-fit × 2 = 3.675; df = 8; P = 0.885; area under the ROC curve = 0.753; sensitivity 67%; specificity 74%; positive predictive value 33%; negative predictive value 92%; correct classification 73%.
syndrome defined only by clinical data, lacunar infarction is the most common aetiology [4] . In relation to aetiological stroke subtypes, lacunar syndrome not due to lacunar infarct was found in 10.5% of cases of spontaneous subdural haematoma and in 9.1% of primary intracerebral haemorrhage. Subdural haematomas and intracerebral haemorrhage have been reported to cause non-ischaemic lacunar syndromes not due to lacunar infarct [3, 14] . Likewise, lacunar syndromes not due to lacunar infarcts were documented in 7% of atherothrombotic infarction, 5% of cardioembolic infarction, 3.4% of infarcts of unknown cause and 1.8% of infarcts of unusual aetiology, which is in agreement with other studies showing that lacunar syndromes may be caused by extensive non-lacunar infarctions, mainly of subcortical topography and less frequently cortical infracts [3, 13] .
A sensorimotor stroke is possible from a single lacune and constitutes one of the five classic or typical lacunar syndromes [15] [16] [17] . However, there has been some disagreement whether sensorimotor stroke should be included among the lacunar syndromes, mainly because of limited pathological confirmation [16] . In our study, sensorimotor stroke may not be caused by a lacunar infarct in 38.8% of cases. In addition, sensorimotor stroke was an independent predictor of lacunar syndrome mot caused by lacunar infarct in the logistic regression model. These results are consistent with the study of Staaf et al. [18] in which 31% of patients with sensorimotor stroke had a potential cardioembolic source, large artery disease or infarcts not compatible with perforating artery disease. Therefore, in about one in three patients with sensorimotor stroke, aetiologies other than ischaemic small vessel disease may be present.
Atrial fibrillation was also independently associated with lacunar syndrome not due to lacunar infarct. This finding agrees with other studies showing that atrial fibrillation is less frequent in lacunar infarcts than in other non-lacunar strokes [5, 19] and that patients with a lacunar syndrome but a territorial infarct more often had a cardioembolic source [5] . Cardioembolism constitutes a rare cause for acute lacunar infarcts [3] . Emboligenous cardiopathy as the only demonstrable cause has been found in 2.6-5% of lacunar infarctions [20, 21] and its role in the aetiology of lacunar infarction is very rare. Macroembolism could be shown in one case originally described by Fisher and Curry related to pure motor hemiplegia [22] . In one series, it was noted that embolic cardiopathy as single aetiology was only seen in 4% of lacunar infarcts [23] .
Limb weakness was more frequent in lacunar syndrome not due to lacunar infarct than in lacunar infarction because non-lacunar infarcts or intracerebral haemorrhages are likely to be more extensive that lacunes [3] .
Sudden stroke onset was also more common in patients with lacunar syndrome not due to lacunar infarct. Patients with lacunar infarcts usually present a gradual onset of a focal neurological deficit [24, 25] , which is in contrast to cardioembolic stroke and also some cases of intraparenchymatous haemorrhages [26] characterised by sudden onset (minutes) of symptoms and maximal neurological deficit at onset. Patients with lacunar syndrome not due to lacunar infarct were younger than those with lacunar infarction, which agrees with other series previously reported [3, 27] .
It should be noted that a differentiation between patients with single infarcts and patients with multiple infarcts was not performed, nor the presence of coexistent white matter lesions was assessed. In these cases, MRI is the most adequate neuroimaging technique but only 41% of patients were studied by MRI within this first week of hospital admission. Limitations of the present findings include the single-center characteristics of the study and the fact that this was not a population-based study, as a result of which care should be taken to make inferences to other target populations beyond the subjects in the study.
Conclusions
Although lacunar syndromes are highly suggestive of small deep cerebral infarctions, lacunar syndromes not due to lacunar infarcts are found in 16.6% of cases. The presence of sensorimotor stroke, limb weakness and sudden onset in a patient with atrial fibrillation should alert the clinician to the possibility of a lacunar syndrome not due to a lacunar infarct. 
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